Flood-plain deposits (Holocene)-Silt, sand, and gravel along floodplains of stream valleys. Light-gray micaceous silt along the Yukon River; chiefly sand and gravel along the Unalakleet River and along small streams that drain bedrock uplands. Characterized physiographically by bars, oxbow lakes, meander scrolls, abandoned channels, and other evidence of recent floodplain building. Mapped almost entirely from aerial photographs
Oc
Fluvial, colluvial, and eolian terrace and slope deposits, undivided (Holocene and Pleistocene)-Chiefly silt and very fine sand. Terrace deposits appear to be largely fluvial; slope deposits probably include both colluvial and eolian deposits. Unit is characterized locally by thermokarst topography marked by many small lakes. Mapped almost entirely from aerial photographs
Oh
High-level eolian and colluvial deposits (Pleistocene)-Windblown and reworked windblown deposits of silt and very fine sand that mantle hilly areas east of the Yukon River. Unit obscures all bedrock except for small exposures at highest elevations and in scattered cutbanks along the Innoko River. Mapped almost entirely from aerial photographs
St. Michael volcanic field
The St. Michael volcanic field covers over 3,000 km 2 in the southwestern part of the Unalakleet quadrangle and adjacent St. Michael quadrangle (Hoare and Condon, 1971 ). It forms a broad shield volcano composed of numerous basalt flows that are overlain by more than 55 highly alkalic monogenetic cones and short flows. Maar craters occur in the western part of the field. The oldest dated flow is 3. 25± 0.11 Ma; the youngest dated flow is less than 200 ka (table  1) . The flows are mostly tholeiitic and alkali olivine basalt; the cones and short flows consist of more alkalic basalt and basanite (tables 2 and 3). The volcanic field is divided into three map units, units Oyt, Qya, and QTb, on the basis of age and composition. Flows have well-preserved pahoehoe structure including ropy flow surfaces and lava tubes; they lack vegetative cover. Rows and spatter are variably oxidized. Least oxidized parts have 3 percent olivine phenocrysts in a groundmass of plagioclase laths, fine-grained pyroxene, dark-brown glass, and magnetite; more oxidized parts have black olivine (a term used by Johnston and Stout, 1984 , for olivine containing abundant linear tracks of opaque oxides) and sparse plagioclase microlites in a groundmass of dark, almost opaque glass. The more oxidized parts are interpreted to have formed from magma that reached the surface, but subsequently fell back into the magma chamber where it was oxidized at high temperatures by volatiles trapped in vesicles. Unit yielded a whole-rock K-Ar age of 0.19±0.02 Ma (table 1) and is considered to be Pleistocene and possibly Holocene Younger alkalic basalt cones and flows (Pleistocene)-In the Unalakleet quadrangle this unit comprises more than 40 alkali basalt, basanite, and hawaiite cones, short flows, and maar craters. The cones and short flows have little or no vegetative cover, and some primary flow features are still preserved ( fig.2 ). Almost all cones are aligned in two broad east-west-trending segments. Alkali basalts have phenocrysts of fine-grained euhedral and embayed olivine and pinkish-brown clinopyroxene in an intergranular groundmass of plagioclase laths, olivine, granular clinopyroxene, and magnetite. Olivine phenocrysts commonly contain inclusions of brown, octahedral, Cr-rich spinel. Some alkali basalts have xenoliths of pyroxenite, dunite, and (or) wehrlite. Basanites are petrographically similar to the alkali basalts, but commonly have interstitial black glass or very fine-grained, low-birefringent, dark
OTb mesostasis of glass, abundant oxides, pyroxene, and possible nepheline. Basanites also contain more abundant xenoliths of harzburgite (olivine, minor orthopyroxene, and anhedral brown Cr-spinel), quartzofeldspathic material, plagioclase aggregate, anorthoclase, pyroxenite, and dunite. Some crystals, such as kink-banded olivine phenocrysts and crystals of orthopyroxene or clinopyroxene rimmed by tiny granular clinopyroxene crystals, appear to have come from disaggregating xenoliths. Hawaiite, which is relatively uncommon, consists of phenocrysts of olivine and plagioclase in a groundmass of plagioclase, brown clinopyroxene, and opaque oxides. Some hawaiite flows have clinopyroxene phenocrysts in addition to olivine and plagioclase; others contain clots of pyroxene or olivine (± subordinate plagioclase). Unit is considered to be Pleistocene because it overlies and was erupted through unit OTb Older basalt flows (Pleistocene and Pliocene)-Abundant vesicular tholeiitic and alkali olivine basalt flows form a broad dissected shield volcano that composes the lowest unit in the St. Michael volcanic field. Exposures for the most part are confined to sea cliffs and to canyons cut by major drainages; elsewhere flows are generally covered by variable thicknesses of silt and tundra vegetation. Locally, along sea cliffs and canyons, unit uncomformably overlies Cretaceous sedimentary rocks (Ks, Kg} of the Yukon-Koyukuk basin. Flows are nearly horizontal, columnar jointed, and have a total thickness of at least 100 m along the Golsovia River; they consist of fine-grained, black to gray, vesicular, alkalic olivine and tholeiitic basalt. Alkali basalt contains medium-to fine-grained phenocrysts of olivine and subordinate greenish to brown clinopyroxene in a groundmass of plagioclase laths, magnetite, granular pyroxene, and sparse olivine. Olivine is partially altered to iddingsite. Tholeiitic basalt is characterized by diktytaxitic textures consisting of olivine, clinopyroxene, and plagioclase phenocrysts in a slightly finer grained groundmass of the same minerals ·plus ilmenite, magnetite, and oxide-rich brown to black interstitial glass. Some of the clinopyroxene subophitically encloses plagioclase.
Unit is considered to be Pleistocene and Pliocene in age on the basis of four K-Ar whole-rock ages of 1.39±0.04, 1.99±0.06, 2.8±0.1, and 3.25±0.11 Ma (table 1}. The oldest age is from Tolstoi Point where the basalt flows unconformably overlie sedimentary rocks of unit Ks.
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A basalt flow from a topographically high area at lprugalet Mountain yielded a KAr age of 2.8±0.1 Ma, whereas a flow from a small lobe more than 200 m below gave a younger age of 1.39±0.04 Ma, suggesting that lprugalet Mountain is an eroded volcanic center and that the small lobe is a remnant of a younger flow
Deposits along Kaltag Fault
Ts Clay shale and coal (Miocene or Oligocene)-Poorly consolidated deposits of gray to brown clay shale, lignitic coal, and yellow volcanic ash mapped in one small area on the coast about 13 km south of Unalakleet along the inferred trace of the Kaltag Fault. The section appears to be about 10 m thick, but all exposures are badly slumped. Unit is assigned a late Oligocene (Seldovian) or early Miocene age based on pollen and spore assemblages from lignite (Estella Leopold, written commun., 1966) . Similar small coal-bearing deposits of Oligocene to Pliocene age are scattered along the Kaltag Fault to the northeast in the Norton Bay, Melozitna, and Tanana quadrangles (Patton and others, 1994) Blackburn Hills volcanic field
The Blackburn Hills volcanic field consists primarily of andesite lava flows (Ta) , rhyolite domes and hypabyssal bodies (Td, Thr}, altered tuff and tuff breccia (Tt) , and a granitic stock (Tg}. Small volumes of basalt and sodic rhyolite are interbedded with andesitic flows near the top of the stratigraphic section. The volcanic field is split into two segments that are leftlaterally offset about 25 km along the Thompson Creek Fault. The northern segment has been studied in considerable detail (Moll-Stalcup and Patton, 1992; Moll-Stalcup and Arth, 1991) ; the southern segment, which was mapped more recently, has not been studied in the same detail. The northern segment forms the broadly folded Blackburn Syncline composed of a thick section of andesite and basalt lava flows (Ta) that are overlain and interbedded at the top of the section by rhyolite domes and flows (Td) . The axis of the Blackburn Syncline is cut by a thick section of altered intracaldera tuff and tuff breccia (Tt) and is intruded by an elongate granite stock (Tg) . The southern segment of the field consists of a homoclinal southeastdipping section composed chiefly of andesite lava flows (Ta) and subordinate rhyolite domes (Td) . MollStalcup and Arth (1991) divided the andesite lava flows (Ta) in the northern segment into two subunits, groups 1 and 2, on the basis of chemical composition. Group 1 is the more widely distributed and has much higher heavy rare-earth-element (HREE) content than group 2, which is geographically restricted to the northwest corner of the northern segment. The composition of two andesite lava flows sampled from the southern segment of the volcanic field is similar to group 1 ( fig. 10 ). Ta   Tg Andesite and basalt flows (Eocene and Paleocene)-Well-exposed sequence more than 1,500 m thick of subaerial columnar-jointed andesite and basalt flows. Unit occurs at the base of the volcanic field on both flanks of the Blackburn Syncline and in the southern segment of the field that has been offset 25 km left-laterally along the Thompson Creek Fault. Most common rock types are one-and two-pyroxene andesite. Hornblende-bearing high-silica andesite and olivine-bearing basaltic andesite are much less common. Basalt is restricted to the uppermost part of the stratigraphic section where the unit is locally intercalated with rhyolite of unit Td. Pyroxene andesite has 1 to 2 modal percent phenocrysts of oscillatory-zoned plagioclase, clinopyroxene and (or) orthopyroxene, with or without altered olivine. Andesites usually have a hyaloophitic or intersertal groundmass that is composed of subparallel plagioclase microlites, pyroxene, ilmenite, and magnetite in dark glass. Hornblendebearing high-silica andesite has 15 to 20 percent phenocrysts of plagioclase, goldbrown hornblende, and clinopyroxene in a groundmass of fine-grained plagioclase laths and opaque oxides in pale devitrified glass. Basalt has 3 to 15 percent phenocrysts of plagioclase, clinopyroxene, and olivine in a groundmass of the same minerals plus magnetite. Ilmenite is present in some flows.
Hornblende from an andesite flow near the base of the unit in the northern segment of the volcanic field yielded a K-Ar age of 65.2±3.9 Ma (table 1); an andesite flow near the top of the unit in the southern segment yielded a whole-rock KAr age of 51. 9± 1.6 Ma Granite (Eocene or Paleocene)-Stock composed of pink to light-gray granite and quartz monzonite (63 to 71 percent Si02, (table 4) . Unit is considered to be the same age (Eocene or Paleocene) as the granitic stock (Tg) because the two units form a compositional continuum (Moll-Stalcup and Arth, 1991) and are petrographically similar. Both units probably formed from a single evolving magma chamber Rhyolite domes and flows (Eocene or Paleocene)-Unit consists of well-exposed erosional remnants of rhyolite domes and flows and associated basal breccia and tuff. Unit is exposed mainly along the axis and west flank of the Blackburn Syncline where it generally overlies unit Ta, but locally is interbedded with the uppermost part of unit Ta. In the southern segment of the field, this unit is also found at the top of the stratigraphic section. Rhyolite domes and flows generally have sparse phenocrysts in a groundmass of black hydrated glass and devitrified rhyolite. Glassy rocks are flow-banded, perlitic, and contain 1 to 5 percent fine-grained phenocrysts of ferrohedenbergite and a single feldspar of either unzoned oligoclase or oligoclase rimmed by anorthoclase. Devitrified rhyolite (Tg) . Green tuff and breccia are interpreted to represent thick intracaldera deposits probably related to eruption of large siliceous ash-flow tuffs late in the evolution of the volcanic field. Unit appears to contain some outflow, nearsource, altered flows and tuffs. The contact with andesite and basalt flows of unit Ta is uncertain due to similar alteration of both units along the south and north parts of the contact. Unit may also be present in a poorly mapped area at the northeast end of the Blackburn Syncline. Unit was not isotopically dated owing to the lack of suitable unaltered material. It cuts unit Ta and, therefore, is younger than 65.2±3.9 Ma; it is intruded by unit Tg and, thus, is older than 56.2± 1. 7 Ma
Small volcanic and intrusive bodies

Rhyolite and dacite (early Tertiary and
Late Cretaceous)-Erosional remnants of rhyolite and dacite domes, sills, dikes, and tuffs that are widely distributed throughout the quadrangle. Unit consists of (1) rhyolite and dacite tuffs exposed along the Innoko River in the southeast corner of the quadrangle; (2) a large rhyolite dome and associated dacite flows exposed at Eagle Slide on the Yukon River; (3) rhyolite tuff and a dacite flow exposed along Runkels Creek in the Anvik River drainage near the south boundary of the quadrangle; and (4) numerous rhyolite domes, dikes, sills, and tuffs in the northern, central, and southwestern parts of the quadrangle. Rhyolite and dacite of this map unit commonly are associated spatially with andesite and basalt flows of unit TKa.
In the Innoko River area , unit consists of dacite and white rhyolite ash-flow tuff containing gray pumice. White rhyolite ash-flow tuff is composed of 30 percent phenocrysts of sanidine, quartz, and biotite in a groundmass of glass shards. Dacite consists of phenocrysts of plagioclase, quartz, sanidine, altered biotite, and orthopyroxene in a groundmass of plagioclase microlites, biotite, chlorite, and opaque oxides.
The rhyolite dome at Eagle Slide has 3 to 10 percent medium-grained phenocrysts of plagioclase, anorthoclase, quartz, and sanidine in a groundmass of partly devitrified pale-brown glass, tiny plagioTKs clase microlites, sparse biotite, and magnetite. The more mafic parts of the dome also contain phenocrysts of biotite, and green hornblende.
Rhyolite tuff at Runkels Creek consists of blocks of flow-banded rhyolite vitrophyre in non-welded ash. The blocks have about 10 modal percent fine-grained phenocrysts of chiefly plagioclase, biotite, and subordinate sanidine in a groundmass of colorless glass and plagioclase microlites. The dacite flow at Runkels Creek consists of 7 percent medium-grained phenocrysts of plagioclase and amphibole in a groundmass of tiny plagioclase microlites and trace opaque oxides in colorless glass. A small dacite field along the Swift River north of Runkels Creek consists of fine-grained porphyritic dacite having 25 percent phenocrysts of plagioclase and biotite in a groundmass of devitrified glass.
Rhyolite domes elsewhere in the quadrangle typically occur as bare, round hills of platy rubble that weather to an orange color. Most of the domes are pervasively altered. A typical dome has 3 to 15 percent phenocrysts of plagioclase, quartz, biotite, and sanidine in a groundmass of very fine-grained quartz, feldspar, and opaque oxides. Mafic minerals are generally altered and some may be secondary. Dacite has hornblende and lacks sanidine. Plagioclase is commonly oscillatory zoned and has zonal concentrations of glass or mineral inclusions. Dacite dikes and sills, which occur throughout the quadrangle, typically contain 25 modal percent medium-grained phenocrysts of amphibole and plagioclase in a groundmass of finegrained equigranular quartz and feldspar, opaque oxides, and chlorite.
Unit is considered to be Late Cretaceous and early Tertiary on the basis of two K-Ar determinations of 69.1±2.1 Ma (sanidine) and 66.4± 2 Ma (biotite) on a rhyolite from the Runkels Creek area, one K-Ar determination of 53.2± 1.6 Ma (sanidine) on a rhyolite dome from Eagle Slide, and one K-Ar determination of 66.8±2 Ma (hornblende) on a rhyolite dome in the south-central part of the quadrangle (table 1 (Chapman, 1963) . On South River, unit includes some hard, fine-to medium-grained sandstone turbidites a·nd mudstone of uncertain affinities. Studies by J .M. Murphy (written commun., 1990) show that sandstone in this unit from west of the Anvik River contains fewer potassium feldspar, chert, and greenstone clasts than sandstone from east of the Anvik River. The quartzose nature of the lithic clasts (including polycrystalline quartz), as well as the relatively high proportions of potassium feldspar and micas, suggest a mixed metamorphic and granitic provenance. These data, when combined with limited paleocurrent data, indicate that unit Ks prograded westward from a source area in the Proterozoic(?) and early Paleozoic metasedimentary rocks and mid-Cretaceous granitic plutons of the Ruby terrane bordering the east margin of the Yukon-Koyukuk basin (Patton and others, 1994) . A Ruby terrane provenance is further confirmed by the presence in this unit of detrital micas that yield K-Ar ages of 131 to 158 Ma (Harris and others, 1987) . Similar mineral ages were obtained from metamorphic micas in the Ruby terrane by Patton and others (1984) .
Unit Ks is assigned a late Early (Albian) and early Late (early Cenomanian) Cretaceous age. Marine mollusks of middle Albian to early Cenomanian age, including Turrilites acutus Passy, Gastroplites (Gastroplites) kingi McLearn, Beaudanticeras {Grantziceras) sp., and Inoceramus sp. (Elder and Miller, 1991) , were found along the Chiroskey and Anvik Rivers, in the Old Woman River drainage, and in the uplands between the Unalakleet and North Rivers. Fossil fresh-and brackishwater mollusks are common throughout the unit. Plant fossils, consisting of both conifers and angiosperms of probable Cenomanian age (R.A. Spicer, written commun., 1981) , are also widely distributed in this unit. The unit unconformably overlies the andesitic volcaniclastic rocks (Kv) unit, the shoshonitic flows and tuffs (Kft) unit, and the volcanic graywacke and mudstone turbidites (Kg) unit. On the Yukon and lower Koyukuk Rivers, where this unit has been studied in greatest detail, the exposed section has an estimated thickness of 3,000 to 3,500 m. It grades upward from shallow-marine beds containing abundant mollusks of Albian age into nonmarine beds with plant fossils of Cenomanian and Turonian(?) age (Patton and Bickel, 1956; Patton, 1966; R.A. Spicer, oral commun., 1987) Kg Volcaniclastic graywacke and mudstone turbidites (Early Cretaceous)-Dark-gray to green, hard, fine-grained to conglomeratic volcanic graywacke and dark-gray, finely laminated mudstone. Unit is best exposed in sea cliffs north of Unalakleet; elsewhere, exposures are largely reduced to frost-riven rubble. These strata make up a turbidite assemblage consisting of submarine-fan deposits, chiefly midfan channel, interchannel, andrelated overbank facies (Nilsen, 1989) . Graywacke is composed mainly of intermediate and mafic volcanic rock detritus and chert; quartz and metamorphic rock debris are present in subordinate amounts. Unit appears to be transitional in composition between the andesitic volcaniclastic rocks (Kv) unit and the sandstone, shale, and conglomerate deltaic deposits (Ks) unit. Andesitic and basaltic lithic clasts dominate, but in the upper part of the unit metamorphic detritus, which is common in the overlying sandstone, shale, and conglomerate deltaic deposits (Ks) unit, makes its first appearance (J.M. Murphy, written commun., 1990). Some graywacke beds are characterized by a distinctly mottled appearance owing to the presence of laumontite (Hoare and others, 1964) . No fossils have been found in this unit. It is assigned an Early Cretaceous (Albian) age based on its stratigraphic position above the shoshonitic flows and tuffs (Kft) unit and below the sandstone, shale, and conglomerate deltaic deposits (Ks) unit LITHOTECTONIC TERRANES
Koyukuk terrane
The Koyukuk (volcanic arc) terrane of west-central Alaska underlies a large part of the Yukon-Koyukuk basin and is widely exposed on a broad structural high that separates the Lower Yukon subbasin from 7 the Kobuk-Koyukuk subbasin (Patton, 1973) . In the Unalakleet quadrangle, the Koyukuk terrane is exposed on the Anvik-Chiroskey high, a north-trending uplift, which extends from the south edge of the quadrangle north to the Unalakleet River valley ( fig.  1) (Jt) unit and less commonly clasts from the altered basalt and diabase (MzPzb) unit. Some basalt and andesite flows are present in unit in southern part of quadrangle.
In the Unalakleet quadrangle andesitic volcaniclastic rocks (Kv) unit is assigned an Early Cretaceous (Valanginian) age. It conformably underlies the shoshonitic flows and tuffs (Kft) unit and unconformably overlies the trondhjemite and tonalite (Jt) unit and the altered basalt and diabase (MzPzb) unit. Poorly preserved specimens of Buchia and brachiopods were found at several localities and a well-preserved specimen of Buchia sublaevis Keyserling of Valanginian age (Elder and Miller, 1991) was collected in the north-central part of the quadrangle east of the Chiroskey River. Radiolarians of possible Early Cretaceous (Valanginian) The faulted contact between this unit and the altered basalt and diabase (MzPzb) unit is locally marked by quartz-rich mylonite composed of bands of microcrystalline quartz, that have a high degree of preferred orientation. The bands are separated by very fine grained mica and locally by porphyroclasts of undulose quartz. Unit is unconformably overlain by the andesHie volcaniclastic rocks (Kv) unit, which contains clasts derived from the trondhjemite and tonalite (Jt) unit.
Unit is assigned a Middle and Late Jurassic age on the basis of five K-Ar age Serpentinite consists of serpentine and less than 1 percent magnetite. Pyroxenite consists of serpentinized olivine and clinopyroxene; dunite has serpentine pseudomorphs after olivine. Gabbro, which is locally layered, has 10 to 25 percent olivine, 35 to 65 percent plagioclase, and 30 to 35 percent clinopyroxene, minor serpentine veinlets, Cr-spinel, and brown and green amphibole. Some rocks in this unit contain strained olivine or plagioclase, and grain boundaries are granulated as in the trondhjemite and tonalite (Jt) unit. Ultramafic-mafic complexes are spatially associated with unit Jt and are presumed to represent parts of a dismembered ophiolite that formed the base of the Koyukuk terrane volcanic arc. Unit is provisionally assigned a Middle and Late Jurassic age because of its association with the trondhjemite and tonalite (Jt) unit and its tentative correlation with the ophiolites of the Kanuti thrust panel exposed along the southeast margin of the Yukon-Koyukuk basin. The Kanuti ophiolites were first assigned to the Angayucham terrane by Patton and Box (1989) , but Patton (1993) suggested that they actually are part of the Koyukuk terrane
The Angayucham terrane is an assemblage of Devonian to Jurassic oceanic and oceanic-continent transition-zone rocks that are exposed around the rim of the Yukon-Koyukuk basin and dip inward beneath the basin (Patton and Box, 1989) . In the Unalakleet quadrangle, rocks of similar composition 9 and of probable oceanic affinities are exposed along the Anvik-Chiroskey high, an upfaulted block within the basin that extends north across the central part of the quadrangle from the south border to the Unalakleet River valley ( fig. 1 ). These rocks are described below as the altered basalt and diabase (MzPzb) unit, and are assigned to the Angayucham (?) terrane. MzPzb
Altered basalt and diabase (Mesozoic?
and Paleozoic?)-Variably altered and metamorphosed dark-green to gray basalt and diabase. Thin sections of less altered samples of the altered basalt and diabase unit show these rocks to be composed almost entirely of weakly twinned plagioclase laths subophitically enclosed by clinopyroxene, abundant disseminated oxides, and minor interstitial quartz. Clinopyroxene has been partly to totally replaced by pale-green fibrous amphibole ±sphene. The most highly metamorphosed rocks consist of fine-grained intergrown amphibole and plagioclase, and subordinate sphene, epidote, and disseminated opaque oxides. Many rocks have subordinate chlorite and pumpellyite and some contain clots of green chlorite and opaque oxides rimmed by fibrous actinolite. Unit is locally sheared and granulated and commonly cut by abundant prehnite veins and subordinate carbonate, chlorite, and quartz veins. Unit also contains subordinate chert, metachert, cherty tuff, mylonite, and limestone. Metachert is composed of recrystallized quartz, granular epidote, and prehnite. Mylonite is a very fine-grained laminated rock consisting of submillimeter foliation planes of microcrystalline quartz separated by bands of chlorite, muscovite, calcite, and magnetite. Highly strained quartz eyes that show undulatory extinction occur in the quartz-rich bands. Limestone is pink and consists of microcrystalline carbonate, minor volcanic lithic fragments and chert, and prehnite-filled veinlets.
Unit is assigned a late Paleozoic(?) and early Mesozoic(?) age. Although no diagnostic fossils have been found in the Unalakleet quadrangle, a similar assemblage of rocks in the Holy Cross and Russian Mission quadrangles to the south has produced conodont, radiolarian, coral, and molluscan faunas of Carboniferous, Permian, and Triassic ages (Patton and others, unpublished maps, 1992) 
GEOLOGIC SETTING
YUKON-KOYUKUK BASIN
The Yukon-Koyukuk basin of western Alaska is a broad mid-and Late Cretaceous depression filled with terrigenous sedimentary rocks. In the Unalakleet quadrangle, as elsewhere in the basin, the sedimentary fill is distributed in two vaguely defined subbasins, the Lower Yukon and the Kobuk-Koyukuk subbasins (Patton and Box, 1989) . The Lower Yukon subbasin is located in the western part of the quadrangle and the Kobuk-Koyukuk subbasin in the eastern part. They are separated by the Anvik-Chiroskey high, a broad north-trending belt of older rocks that extends across the center of the quadrangle from the south border to the Kaltag Fault ( fig. 1) two subbbasins are dextrally offset about 100 km (Patton and Box, 1989) . All of the basin sedimentary rocks in the Unalakleet quadrangle north of the Kaltag Fault belong in the Lower Yukon subbasin. The sedimentary rocks in both subbasins are composed of a lower section of submarine-fan turbidites and an upper section of shallow-water and subaerial deltaic deposits. The aggregate thickness of this sedimentary fill in the Lower Yukon subbasin is uncertain, but sparse data from the adjoining Norton Bay and Nulato quadrangles to the north indicate that it may be as much as 10,000 m (Patton and Box, 1989) . The thickness of the fill in the Kobuk-Koyukuk subbasin is also uncertain, but reconnaissance aeromagnetic data suggest that it is substantially less than in the Lower Yukon subbasin (Texas Instrument, Inc. 1976 ).
ANVIK-CHIROSKEY HIGH
The Anvik-Chiroskey high exposes two lithotectonic terranes, the Koyukuk and Angayucham(?) terranes, which were assembled by Early Cretaceous time and subsequently overlapped by the mid-and Late Cretaceous terrigenous sedimentary rocks of the Yukon-Koyukuk basin ( fig. 1 ). The Koyukuk terrane is composed of two Early Cretaceous volcanic rock units, shoshonitic flows and tuffs (Kft) and andesitic volcaniclastic rocks (Kv), and two Middle and Late Jurassic plutonic rock units, trondjhemite and tonalite (Jt) and ultramafic-mafic complexes (Ju). The two volcanic rock units and the trondhjemite and tonalite unit have the chemical characteristics of subductionrelated magmatic rocks {Box and . The ultramafic-mafic complexes represent a disrupted ophiolite assemblage. The volcanic rock units are separated from the plutonic rock units by a regional unconformity, but detrital clasts from the trondjhemite and tonalite unit have been incorporated in the overlying andesitic volcaniclastic rocks unit showing that these two units were linked together no later than Early Cretaceous (Valanginian). The altered basalt and diabase (MzPzb) unit, which is in fault contact with the Koyukuk terrane on the Anvik-Chiroskey high, is questionably correlated with the Devonian to Jurassic oceanic rocks of the Angayucham terrane that rim the Yukon-Koyukuk basin (Patton and Box, 1989) . The altered basalt and diabase (MzPzb) unit shows strong oceanic geochemical affinities with and is chemically similar to basalt and diabase of the Angayucham terrane described elswhere in western Alaska by Pallister and others ( 1989) and Box and Patton ( 1989) .
STRUCTURE
All of the pre-latest Cretaceous rocks in the quadrangle, including the sedimentary deposits of the Yukon-Koyukuk basin, are strongly folded and broken by a complex pattern of closely spaced highangle faults (map sheet, sections A-A', B-B'). Only a few of the larger faults are shown on the map and cross sections. The folds and faults have a north to northeast orientation that appears to be related to 11 an east-west compressional event which sharply constricted the Yukon-Koyukuk basin in Late Cretaceous (Campanian and Maastrichtian) time (Patton and Box, 1989) . As indicated diagrammatically on the cross sections, there is a general increase in the degree of deformation with increasing age of the map units. The oldest map units, the trondhjemite and tonalite (Jt), ultramafic-mafic complexes {J u), and altered basalt and diabase {MzPzb), are highly deformed and have undergone local mylonitization and cataclasis. 
KALTAG, ANVIK, AND THOMPSON CREEK STRIKE-SUP FAULTS
The Kaltag Fault is a well-documented strike-slip fault that has been traced for more than 400 km from central Alaska to the shore of Norton Sound {Patton and Hoare, 1968) . A short segment of this fault crosses the Unalakleet quadrangle along the Unalakleet River, where it is faintly visible in the surficial deposits on the south side of the valley ( fig. 1 ). The trace of the fault becomes more obvious along the upper reaches of the Unalakleet River and across the drainage divide to the Yukon River in the adjoining Norton Bay quadrangle (Patton and Hoare, 1968) . Right-lateral offset along this segment of the fault is estimated to be about 100 km (Patton and Tailleur, 1977) .
The Anvik Fault is a splay of the Kaltag Fault that extends diagonally across the quadrangle from northeast to southwest. It is best exposed where it cuts across the Anvik-Chiroskey high in the central part of the quadrangle and offsets the map units of the Koyukuk and Angayucham(?) terranes right laterally as much as 35 km. The Anvik Fault merges with the Kaltag Fault to the northeast in the adjoining Norton Bay quadrangle near the Kaltag Portage. South of the Unalakleet quadrangle, the trace of the fault becomes less distinct and the strike-slip displacement appears to be distributed among several parallel faults. Along the southwestward projection of the Anvik Fault in the adjoining Kwiguk quadrangle, Hoare and Condon (1966) mapped a broad array of southwest-trending faults, many of which show right lateral-offsets of as much as 5 km.
The Thompson Creek Fault is part of the AniakThompson Creek Fault system, which, according to Beikman (1980) , can be traced from the Unalakleet quadrangle south for about 350 km to the Holitna Fault in southwestern Alaska. In the Unalakleet quadrangle, the Thompson Creek Fault offsets the Blackburn Hills volcanic field about 25 km left laterally. The trace of the fault is most evident where it cuts across the Blackburn Syncline (map sheet , section A-A '). North of the Blackburn Syncline , the Thompson Creek Fault is inferred to extend as far as the Anvik Fault. An unnamed north-trending fault present along the Old Woman River may represent the offset continuation of the Thompson Creek Fault on the northwest side of the Anvik Fault.
CHIR.OSKEY FAULT ZONE
The Chiroskey Fault Zone is composed of highangle normal faults that border the west side of the Anvik-Chiroskey structural high ( fig. 1) . North of the Anvik Fault, the Chiroskey Fault Zone consists of two parallel normal faults separated by a narrow downdropped block of Cretaceous sandstone , shale, and conglomerate deltaic deposits (Ks) (map sheet , section A-A '). South of the Anvik Fault , the Chiroskey Fault Zone is dextrally offset about 17 km and appears to be confined to a single fault bordering the west side of the Anvik-Chiroskey structural high. Another top ographically prominent vertical fault, previously considered to be the part of the Chiroskey Fault Zone by Beikman (1980) , bounds the lowlands on the west side of the Anvik River south of the Anvik Fault.
GEOCHEMICAL CHARACTERISTICS OF VOLCANIC AND PLUTONIC ROCK UNITS
The rocks exposed in the Unalakleet quadrangle record a long and complex magmatic history starting in the Paleozoic(?) and continuing into the Quaternary. Samples from all the magmatic units were analyzed for major and trace-element composition (tables 2-8); their composition and tectonic affinities are discussed below . Many of the map units, especially in the lithotectonic terranes, were distinguished from each other on the basis of major-and trace-element compositions; the distinguishing characteristics of these units are summarized in table 9.
Nomenclature used in this paper generally follows that of Streckeisen (1979) , Gill (1981) , and Morrison (1980 having normative nepheline is called alkali basalt or alkali olivine basalt if it contains more than 10 percent normative olivine. Basalt having normative hypersthene is called tholeiite or olivine tholeiite if it contains more than 10 percent normative olivine. Basanites have 10 to 20 percent normative nepheline; nephelinites have more than 20 percent normative nepheline. Hawaiites have more than 5 percent total alkalis (NazO + KzO) and less than 5 percent MgO. The Late Cretaceous and early Tertiary volcanic and plutonic rocks (Ta, Tg, Thr, Td, Tt, TKr, TKs, TKa, TKu) are classified using the Peacock index and are divided into low-, moderate-, or high-K types following Gill (1981) or shoshonitic following Morrison (1980) .
LATE CENOZOIC
St. Michael volcanic field (Oyt, Oya, OTb) The St. Michael volcanic field is one of a number of late Tertiary and Quaternary alkalic to subalkalic basalt fields along the west margin of Alaska and on islands in the Bering Sea that collectively are referred to as the Bering Sea basalt province (Moll-Stalcup, 1994 ). The province is characterized by broad fields of tholeiitic and alkaline olivine basalt flows and subordinate small cones, short flows, and ash of more alkalic basanite and nephelinite compositions (tables 2 and 3). The fields are compositionally similar to magmas erupted on oceanic islands like the Hawaiian Islands, but are generally more alkalic. These basaltic and ultrabasic rocks have small positive Nb and Ta anomalies relative to the light rare-earth elements (LREE) on multi-element spidergrams ( fig. 3 ) that are complementary to the negative anomalies that characterize modern arcs (Hawkesworth and others, 1993) . Rocks of the Bering Sea basalt province are distinct from Late Cretaceous and early Tertiary volcanic rocks in western Alaska because the former are generally more mafic, lack a negative Nb-Ta anomaly, and are tholeiitic, alkalic, or highly alkalic rather than having calc-alkalic to mildly alkalic compositions. Bering Sea basalts also can be distinguished from the Late Cretaceous and early Tertiary volcanic rocks in western Alaska on the basis of Nb/La ratios (fig. 4) .
The St. Michael volcanic field in the southwestern part of the Unalakleet quadrangle consists of tholeiitic and alkali olivine basalts flows and subordinate amounts of more alkalic rocks including basanite and hawaiite. Total alkalis decrease with increasing SiOz content from nephelinite through tholeiite, similar to other volcanic fields in the Bering Sea basalt province and to unfractionated Hawaiian basalts ( fig. 5) . The alkalictholeiitic transition occurs at lower total alkalis than the transition in Hawaii because the rocks have higher MgO contents than most Hawaiian basalts. Trends of decreasing alkalis with increasing SiOz are thought to be indicative of an origin by varying degrees of partial melting of a mantle source (Frey and Clague, 1983) . Small amounts of partial melting produces the highly alkalic nephelinites; increasingly large amounts of partial melting produces progressively less alkalic rocks. Moll-Stalcup (1994) made estimates of 13 the degree of partial melting of Bering Sea basalts based on estimated concentrations of incompatible elements in the mantle. Since these estimates were made there has been increasing evidence that incompatible elements are enriched in the mantle source of ocean island-type basalts during metasomatism, prior to their formation, and therefore concentrations of incompatible elements in their mantle source are neither homogeneous nor typical of the mantle Stalcup, unpub. data, 1994) . Data in spidergram normalized to values given in Thompson and others (1984) . Diagrams generated using program of Wheately and Rock (1988) . See Description of Map Units for explanation of map-unit symbols.
in general. Recent models for the ongm of ocean island basalt-type (OIB-type) magmas like those found in the St. Michael volcanic field suggest that they originate in residual oceanic lithosphere that was previously recycled into the mantle along a subduction zone (Weaver, 1991 Weaver (1991) argues on the basis of isotopic data that the recycled lithosphere must be ancient, but ancient lithosphere is not required by the limited Bering Sea basalt data because they have Nd, Sr, and Pb isotope ratios that vary only slightly from that of midocean-ridge basalts (MORB) (Moll-Stalcup, 1994) . There is some evidence from Sr isotope data from Bering Sea basalt on Nunivak Island that the more alkalic rocks have more radiogenic Sr than the less alkalic rocks, but the differences are small (basanite, 0.70286; less alkalic basalt, 0.70311; Mark, 1971) . This isotopic contrast led Menzies and Murthy (1980) to conclude that the source of Nunivak basalts was metasomatized by an alkali and rare-earth-element (REE)-rich component sometime within the last 200 m.y., because more time would have led to a greater isotopic contrast than that observed. The most likely source of the metasomatizing fluid is thought to be the earlier subduction episodes in the region, such as island arc magmatism during the Jurassic and Cretaceous or continental arc magmatism during the Late Cretaceous and early Tertiary.
1 HIMU was first defined by Zindler and Hart (1986) as the mantle component that has very high 206Pbj204Pb ratios coupled with low 87Sr/ 8 6Sr and intermediate 143 Nd/ 144 Nd ratios. In order to generate such high 206Pb/ 2 0 4 Pb, the source must be enriched in U and Th relative to Pb and, therefore, have high ~ (238Uj204Pb).
14 Although the Bering Sea basalt province is located in a broad region behind the active Aleutian arc, the volcanic rocks are clearly not subductionrelated nor do they have compositions that are typical of back-arc volcanoes. Many of the volcanic fields, including the St. Michael volcanic field, are associated with young faults and have clusters of cones that are aligned east-west, defining deep zones of magma intrusion. Studies of earthquake focal mechanisms (Nakumura and others, 1980) suggest that the area is undergoing north-south extension, which favors the formation of east-west-trending faults and facilitates the rise of mantle-formed magmas to the surface. Deep rift structures like these are common in oceanic islands (Carracedo, 1994) .
EARLY TERTIARY AND LATE CRETACEOUS
Blackburn Hills volcanic field (Ta, Tg, Thr, Td, Tt) Small volcanic and intrusive bodies (TKr, TKs, TKa, TKu) A vast Late Cretaceous and early Tertiary magmatic province extends from the Arctic Circle to Bristol • oB fig. 7) . Chemical data for most of the rocks in the Unalakleet quadrangle plot within a narrow field defined by the Blackburn Hills data with some notable exceptions discussed below. The andesites, dacites, and rhyolites generally have negative Nb and Ta anomalies on spidergrams (figs. 8, 9, and 10), opposite to that of most of the Late Cretaceous and early Tertiary rocks ( fig. 9) . Some of the rhyolites in the Blackburn Hills volcanic field are unusual in containing anorthoclase and Fe-rich hedenbergite phenocrysts and in having low KzO and high NazO contents (Moli-Stalcup and Arth, 1991).
The Late Cretaceous and early Tertiary magmatic province was interpreted by Moii-Stalcup (1994) as the inland part of an unusually wide continental-margin arc formed in response to subduction of the Kula plate under the south margin of Alaska. The mildly alkalic basalts and sodic rhyolites that are exposed at the top of the stratigraphic section are believed to mark the end of the subduction-related magmatism and the transition to post-subduction tectonics. • 86Pa099 "" 86Pa100 Figure 8 . Rare-earth-element (REE) plot and spidergram for rhyolite and dacite samples (TKr, TKs) from banks of the Innoko River in southeast comer of Unalakleet quadrangle, west-central Alaska. Sample 86Pa 100 is a high-silica rhyolite. Its highly evolved composition can be seen in deep spikes at Sr, P, and Ti. The other samples are dacites. Data in spidergram normalized to values given in Thompson and others (1984) and plotted using program of Wheately and Rock ( 1988) . See Description of Map Units for explanation of map-unit symbols.
EARLY CRETACEOUS AND LATE AND MIDDLE JURASSIC Koyukuk terrane
Shoshonitic flows and tuffs (Kft) Shoshonitic volcanic rocks are exposed in the Yellow River drainage in the south-central part of the quadrangle. Unit Kft has a very distinctive chemical Sample 86Pa043 from a lamprophyre dike has extremely high light-rare-earth elements (LREE) and is highly enriched in incompatible elements. Sample 86ML043 from a rhyolite block in unconsolidated tuff has LREE lower than Nb and Ta. Data in spidergram normalized using values given in Thompson and others {1984) and plotted using program of Wheately and Rock (1988) . See Description of Map Units for explanation of map-unit symbols.
composition and was first recognized on the basis of its extremely high KzO , Rb, and Ba contents and low TiOz content (table 6). The rocks are termed shoshonitic rather than alkalic because they have KzO greater than Na20, low Ti02, and are enriched in alkaline, alkaline -earth , and LREE elements relative to Nb and Ta, similar to subduction-related rocks (figs. 12 to 16) (Morrison , 1980; Gill and Whelan, 1989) . Although Nb and Ta are depleted relative to other incompatible elements, the suite has high absolute abundance of all large-ion lithophile elements, including Nb and Ta (table 6 and fig. 16 ). This unit is easily identified on the basis of chemical composition because it has higher K, Rb, Ba, Th, Zr, and Nb contents than any other suite in the quadrangle (figs. 12B-16, tables 2-9). All of the rocks are LREE enriched ( fig. 12A) . Most of the samples have no Thompson and others (1984) and plotted using program of Wheately and Rock (1988) . See Description of Map Units for explanation of map-unit symbol.
Eu anomalies, but two samples with high-silica contents (62 to 63 percent) have moderately negative Eu anomalies, and two samples with moderate Si02 contents have small positive Eu anomalies ( fig . 12A ). Negative and positive Eu anomalies are probably the result, respectively, of fractionation and accumulation of plagioclase. The age of the rocks and their composition indicate that they were generated at the end of subduction-related magmatism and represent the last eruptive products of the Koyukuk Arc . Earlier workers (Patton and Box, 1989) suggested that the Koyukuk Arc initially formed away from the continental margin of Alaska in an ocean-to-ocean subduction environment. As subduction progressed, the subducting oceanic crust was consumed, resulting in short-lived continental-margin subduction and eventually in arc-continent collision. The shoshonitic volcanic field represents the final magmatic products of this subduction system, and its incompatible element-enriched composition may be related to the subduction of continental crust.
Andesitic volcaniclastic rocks (Kv) Early Cretaceous andesitic volcanic and volcaniclastic rocks, typically of volcanic-arc composition, are widespread in western Alaska. In the Unalakleet quadrangle, they are composed dominantly of volcaniclastic rocks that are not generally suitable for chemical analyses. We analyzed three samples of lava flows interbedded with the volcaniclastic rocks, Thompson and others (1984) . Data plotted using program of Wheately and Rock (1988) . See Description of Map Units for explanation of map-unit symbol. . . ·o o ·······. 
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Trondhjemite and tonalite (Jt) Spidergrams of intermediate and felsic samples of the trondhjemite and tonalite (Jt) unit are similar in shape to those of rocks from the andesitic volcaniclastic rocks (Kv) unit. Both have negative Nb and Ta anomalies relative to the alkali elements and .· o·. the LREE elements ( fig. 18 ). Gabbroic rocks have flatter REE patterns and positive spikes at Eu ( fig.  18 ) suggesting that these rocks are cumulate parts of the pluton that have accumulated significant 0<> "'·. ·. Rocks of unit MzPzb are primarily metamorphosed basalts and diabases that are chemically similar to modern basalts generated at mid-ocean ridges (MORB). Chemical analyses of six rocks from this unit are given in table 8. Rocks of unit MzPzb are most often confused in the field with adjacent dark fine-grained rocks of arc-related units Jt or Kv. Unit MzPzb rocks are distinguished from both of these arc-related units on the basis of their flat to LREE-depleted REE patterns, lack of Nb or Ta anomaly, and by lower KzO, Rb, and Sr contents (figs. 13, 14, 15, 19) . In addition, unit MzPzb has higher Zr contents than unit Jt {fig. 14) . Unit MzPzb in the Unalakleet quadrangle is questionably correlated with chemically similar basalts from the Angayucham terrane, which are exposed around the margins of the Yukon-Koyukuk basin. Unit MzPzb most closely resembles the Triassic basalt unit in the Angayucham terrane described by Pallister and others (1989) , but has even lower LREE and a more MORBIike chemical composition .
r-------------,----------r---------.-----------,
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